By X-ray diffraction and neutron diffraction using the isotopic substitution method, the partial structure factors /SpeFe» &FeB. and $bb as well as Sss, Sec, and Ssc were determined for the metallic glass FesoB20-The Fourier-transforms yielded the pair correlation functions G-'y from which the atomic distances and the partial coordination numbers were calculated. The partial coordination numbers are in good agreement with those of the metastable FeaB-phase, which is the first crystallization product formed during annealing of the metallic glass FegoB2o-The chemical short range order parameter amounts to 100%, thus indicating perfect chemical order.
Introduction
It is the aim of the present paper to investigate by means of diffraction experiments the mutual distribution of the components in the metallic glass FegoB20-Eor this purpose three independent diffraction experiments have to be performed, in each of which the ratio of the scattering powers of Fe and B must be different. This can be achieved either by applying different radiations or by using isotopes with different scattering lengths in preparing samples with the same chemical composition for neutron scattering experiments. In the present work both methods have been combined.
Theoretical Fundamentals
We will only present a short compilation of the equations needed for the evaluation of the three partial structure factors. For a comprehensive presentation see Refs. [1] to [4] . The scattering behaviour of an isotropic binary molten or amorphous alloy can be described hy three partial structure factors Sij{Q), where Stj(Q) = Sji (Q) . From these partial functions the total function can be obtained is regarded as part of the coherent scattering and is subtracted in (2). The LMS is observed in the unmodulated form given by (3) if the atoms of both components with their different scattering lengths are distributed statistically within the global structure (see for example [6] ). According to Ashcroft and Langreth [7] a total structure factor for a binary system can also be defined in the following way: s^(Q) = i n (Q)Kb*y. (4) By this procedure the LMS is not subtracted and there is a normalization to <6 2 ) and not to <b> 2 
S(Q) =
o
as in (3).
In neutron diffraction experiments with materials containing atoms M with a magnetic moment an additional scattering contribution I m {Q) will occur Avhich has its origin in the interaction of the magnetic moments of neutrons and the atoms M:
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with P[Q) magnetic scattering length, $MM(Q) partial structure factor of the M-M-atomic pairs, a angle between atomic magnetic moment and scattering vector Q. The magnetic moment of the iron atoms causes the ^-dependent scattering length P{Q) in addition to the Q-independent scattering length of the nucleus [8] : roy P(Q) = V-\F(Q) (6) TQ means the classical electron radius (2.8 • 10~1 3 cm), y the magnetic moment of the neutron (-1.91), and | p.| the total of the atomic magnetic moment. F(Q) means the magnetic form factor, which is normalized to one for Q = 0 and which decreases to zero with increasing Q. The magnetic scattering contribution becomes zero according to (5) if the atomic magnetic moments are aligned by means of an external magnetic field parallel to Q.
From the total structure factor S(Q) in (1) by Fourier transformation according to (7) the total pair distribution function g(r) and the total reduced pair distribution function G (r) are obtained:
o
The total pair distribution function g (r) is a weighted sum of the three partial pair distribution functions according to (8) :
c\b\ 
The total radial distribution function RDF(r) is obtained according to (9):
with q (r) = Qog(r) = local number density and £o = mean atomic number per volume. The partial functions can be defined as follows: 
with Qij{r) = C]Qogij(r) = partial local number density = number of /-atoms per volume element within a coordination sphere with radius r around an i-atom. Three experiments with different weighting factors Wij yield three different total structure factors which can be used to calculate the partial structure factors in (1). Using the method of neutron diffraction, different Wij can be achieved by the isotopic substitution method. The coherent scattering lengths should be changed from experiment to experiment at least with one component, whereas the concentration is kept constant. During the performance of X-ray-or magnetic neutron-diffraction experiments, where we have to deal with Q-dependent scattering lengths b, also the weighting factors Wij in (1) become Q-dependent.
Three scattering experiments lead to a system of three equations (1) 
with and
Thus we obtain the following solution of (12): The melting and annealing procedure was done at 1350°C for three hours. Preliminary experiments had shown that by this procedure complete alloying between iron and boron occurs. The amorphous ribbons were produced from the alloys within a melt spin apparature [11] . The cuvette consisted of quartz with an orifice of 0.6 mm. The ribbons were 0.03 mm thick and had a breadth of 1.5 mm.
The specimens for the neutron diffraction experiments were prepared by joining together parallel ribbons of a length of 35 mm (17 X 35 X 2.5 mm 3 ). The irradiated surface was limited by a Cd-frame. The parallel arrangement of the ribbons was necessary, since during the measurement they had to be saturized magnetically. The direction of the easiest magnetization coincides with the direction of the ribbon. For the X-ray diffraction a mono ribbon layer was prepared.
The neutron diffraction experiments were done at the two axis instrument D4 [12] at the high flux reactor of the ILL, Grenoble, using a wavelength of 0.0695 nm. Since the magnetic, Q-dependent scattering contribution had to be eliminated, a permanent magnet w r ith 0.5 T was fixed in the center of the diffractometer in such a way that the magnetic field H was always parallel to the scattering vector Q. Using this arrangement one could measure only up to Q = 84 nm -1 . For H vertical to Q, however, one could measure up to 170 nm -1 . All measurements were performed in a 0-2 ©-arrangement.
The X-ray experiments with Mo-Ka-radiation were performed in transmission using a 12 kWrotating anode generator with a graphite monochromator in the primary beam. In 0-20-arrangement the Q-region of the experiment was between 3 and 122 nm -1 . The specimen was kept in vacuum.
The corrections and the normalization procedures were performed for the X-ray-and the neutron diffraction experiment according to Refs. [13, 14] . The density go of Fegof^o was taken as 95 nm -3 [15] . The absorption factors of the samples were measured directly by a transmission experiment. The used scattering parameters are listed in Table 1 . In the following, only the special features characteristic for the present paper shall be mentioned. Figure 1 shows the difference curve (IH±Q -IH\\Q) which represents according to (5) the magnetic scattering contribution of the iron atoms contained in the amorphous alloy Fegc^o-The difference intensity curve was subtracted from the intensity curve obtained in the H ^-arrangement after correction for absorption. The curve thus obtained is caused by nuclear scattering only.
The normalization of the X-ray experiment was done according to [14] , however, an absorption correction was applied (case of transmission). Figure 2 shows the total structure factors defined according to (2), which are arranged from top to bottom with decreasing ratio (6fc/^b) of scattering lengths. The curves 2a and 2b show the behaviour as "usual" for amorphous TgoM^o-specimens (T = transition metals Fe, Co, Ni; M = metalloids B, C, P, Si). Table 2 contains some characteristic data of the total structure factors. The X-ray structure factor becomes negative for Q< 25 nm -1 . This behaviour is caused by the subtraction of the LMS in (2), which becomes rather large because the difference of the scattering lengths is large for Xrays:
IH\\Q-

Results and Discussion i) Total Functions
From the negative part of the structure factor one can already conclude that the presumption of statistical distribution of the atoms of both components is not valid for the specimens investigated. The total structure factor S(Q = 10 nm -1 ) amounts to -0.138, which corresponds to approximately 90% of the complete LMS-term. This means that Table 3 . In Fig. 3b an additional shoulder on the left hand side of the main maximum occurs and the minimum between the two submaxima of the second maximum has vanished. These additional features can be ascribed according to Table 3 to the partial (rFeB(r)-The Fouriertransform of the 57 Fe-experiment (Fig. 3 c) shows a splitting up of the main maximum. The left subpeak corresponds to a B-Fe-distance and the right Table 2 . This assignment is based on the variation of the curves with decreasing ratio of scattering lengths in connection with Table 3 . The total coordination numbers are composed of the partial coordination numbers according to (16) and Table 3 (see Ref. [17]).
ii) Partial Functions
Sij(Q)
For the calculation of the partial structure factors a system of linear equations with the three unknowns functions of (14) Table 6 . Table 5 that due to the multiplication factor of up to 60 a small error in the total measured functions (3% can be taken as typical) yields large uncertainties. Therefore, the partial structure factor which was calculated from (14) without additional presumptions, had to be refined in order to yield a partial £BB(Q) which was compatible with the experiments as well as with theory [19, 20] . This finally led to the following procedure:
T(Q)] = [S? ot (Q), S$(Q), S%Z t (Q)
]
Weighting factors of the total structure factors according to [Ä(Q)] = [V(Q)][T(Q)] in the BT-formalism with [R(Q)1 = [S N X(Q), S'CC(Q), SNC(G)] and [T(Q)] =
The additional peak at Q=21.5nm _1 i n the 57 Fego 11 B2o-structure factor is ascribed to the partial SBB{Q) with the assumption that the main maximum of SBB{Q) should be symmetrical with a height of three. In Fig. 4 the additional peak at Q^.21.5 nm -1 is presented. In addition to the $fj t -scale at the left hand side Fig. 4 also shows an $BB-scale at the right hand side (rhs).
The relationship between the two scales is given as follows: From (1) we obtain with the W^ from Table 3 : 
= (V 2 i(Q)Sf ot (Q) -f V 22 (Q)S^(Q)
+ F 23 (g)^7 t (Q))-^t B ((2). (22)
Assuming for each experiment the same error probability, to all Stot(Q) the same error A(Q) was ascribed:
A(Q) = A'(Q)l(I j \V 2] (Q)\).
(23) Figures 6 a and 6 b show the run of A [Q) and of its Fourier-transform. According to these curves the error is very small compared to the amplitudes of the curves in Figs. 2 and 3 . As expected from the weighting factors in Table 3 Figure 8 shows the partial FZ-functions Gij(r). Table 7 contains the characteristic data taken from these curves. 
iii) Partial Functions Gy (r)
GreFe(r) is very similar to the total G(r)
iv) Partial Distances and Coordination Numbers
From the position of the maxima in the partial reduced pair distribution functions Cry(r) the preferred distances between the different atoms can be determined. According to Table 7 neighbouring Fe-Fe atoms have a distance of 0.257 nm. This value is in good accordance with the Goldschmidtdiameter of iron for coordination number twelve (0.254 nm according to [22] ).
According to Table 7 neighbouring Fe-B atoms show a distance of 0.214 nm. Presuming the iron diameter to be independent of the kind of the neighbours the radius of the Boron atom can be calculated according to (24) :
The value of 0.086 nm thus obtained is in good accordance with 0.083 nm given in [23] as radius of a covalently bound Boron atom in tetrahedrical surrounding with four nearest neighbours. From the partial Gfj (r)-curves the partial coordination numbers can be obtained. To calculate the coordination numbers given in Table 8 Table 3 , and finally the N"' m can be compared to the of Table 2 .
v) Long Wavelength Limit of SQQ(Q)
In the long wavelength limit, i.e. for Q = 0 the following relation holds for melts in thermodynamic equilibrium: 
viii) Comparison vnth Existing Models
There is a lot of attempts to model the structure of T-M-glasses. Any model which describes this structure should take into consideration at least two requirements: The different size of the two kinds of atoms and the strong interaction between the metal and metalloid atoms compared to that between the metal atoms.
Sadoc et al. [30] have constructed a computer generated DRPHS-model of spheres with different sizes. Preferred interaction between large and small spheres was simulated by excluding direct contact between the small spheres. One of the results was that small spheres are always surrounded by 9 large 
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